Mineralization studies of natural steroid hormones (e.g., 17β-estradiol, E2) are performed in 4 environmental incubators, usually under a constant temperature such as 20°C. In this paper, we 5 present a microcosm protocol that quantified the mineralization of E2 in soils under field 6 temperatures. The nine agricultural soils tested had a wide range of soil organic carbon (1.1 to 7 5.2%) and clay (9 to 57%) contents. The calculated time over which half of the applied E2 was 
INTRODUCTION
Mineralization can only be quantified by using radiolabeled [4- 14 C] E2 in microcosm 48 experiments, [10, 11, 15, 16] whereby the recovery of 14 CO 2 indicates that the steroid molecule has 49 been inactivated because of ring cleavage. [17] The time that 50% of the applied E2 is 50 mineralized (E2-½) can be calculated from these laboratory data. E2-½ has ranged from 294 to 51 418 d in sewage sludge, from 721 to 869 d in soil and from 2,258 to 14,146 d in biosolids.
[18]
52
The maximum E2 mineralization (E2-TOT48) is typically less than 20% of the initial E2 applied 53 to soil microcosms, even for incubations up to 90 days. [10, 19] 54 55 Temperature can affect degradation/mineralization through its influence on soil microbial 56 activity and populations. [20, 21] Mineralization studies are typically conducted in environmental 57 chambers at a constant temperature. [7, 16] Incubation studies using a range of constant 58 temperatures have shown that E2 persistence in soil decreases with increasing temperatures, [9, 10] 59 with total E2 mineralization over a 61 day period increasing from 2% at 4 o C to 14% at 30 o C.
[10]
60
Temperature varies under field conditions and, in this paper, we present a microcosm protocol 61 that can quantify E2 mineralization in the field. The objective of this study was to implement the 62 in-field microcosm experiment to determine E2 parameters (E2-½, E2-TOT48) in a wide range 63 of soils and compare these values to E2 parameters derived in the same soils under constant and 64 cyclic temperatures in a subsequent laboratory incubation. and 105°C [24] ; NO 3 -N and NH 4 -N extracted with 2.0 M KCl and quantified with an automated spectrophotometric method (Maynard et al. 2008) ; Available phosphate was determined using the Olson (NaHCO 3 ) phosphorus test [25] ; Extractable K, Ca and Mg using 1M ammonium acetate at pH 7 [26] and those measurements were used to calculate cation exchange capacity (CEC); Extractable Zn using diethylenetriaminepentaacetic acid (DTPA) [27] ; Freundlich constant, Kf, determined by batch equilibrium procedures.
[28] Slopes of isotherms ranged from 0.6 to 0.7. The sorption of E2 by soil was determined in triplicates using batch equilibrium procedures that 131 followed the OECD guideline 106 [28] with soils (5 g) and E2 solutions (10 mL) rotated in glass [18] E2-TOT48 ranged from 4.3 to 10% in the field, from 5.5 to 21% under 178 the constant temperature and from 6.7 to 30% under cyclic temperatures ( Figure 3 ). This is 179 within the range observed in previous laboratory incubations that report E2-TOT48 values of 2 to 180 35%. [10, 11, 18, 19] Regardless of the incubation, the Halboro Loamy Sand had numerically larger E2-TOT48 ( Figure 3 ) and smaller E2-½ (Table 2) values than the other eight soils and this soil 182 had, numerically, the smallest E2 sorption (Table 1) . E2 sorption in the nine soils ranged from 183 6.12 to 9.00 µg 1-1/n g -1 mL 1/n and significantly limited E2-TOT48 under field (-0.59, P = 0.001)
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184
and cyclic (-0.48; P = 0.01) conditions, but not under constant temperature. Sorption had no 185 significant impact on E2-½.
187
Incubation location had no significant impact on E2-½ values except for the following (Table 2) : cycles on biomass activity and growth varying by bacterial species.
[37] The sorption of organic 242 chemicals has been shown to decrease at cooler temperature due to a reduction in sorption 243 reaction rates, [38] and if this occurred, E2 bioavailability for mineralization could be enhanced.
244
It is also possible that the conversion from E2 to E1 was quicker in soils under constant than 245 cyclic temperatures and E1 is more slowly mineralized than E2. [9] 246 247 This is the first field experiment that used soil microcosms containing radiolabeled chemicals in 248 its experimental design (Figure 1) . Lavy et al. [39] previously used radiolabeled pesticides in a and not designed to measure mineralization rates. Few challenges in the design were 251 encountered, except for a few cases of rodents nesting in the installed PVC cylinders and 252 temporary water logging in PVC cylinders following one intense rainfall event. The median 253 temperature of soil in microcosms was relatively similar to the median temperature measured at 254 10 and 20 cm depth in the Red River Clay soil in which the field plot was located (Table 3) .
255
However, the temperature probes installed outside the microcosms showed greater temperature 256 maximums and minimums, suggesting that the microcosm jars reduced heat exchanges to some 257 extent and this could be seen as one of the limitations of the proposed design. As shown by the 258 summary statistics of hourly temperature data ( 
